Abstract. We argue that in the two-loop approximation gauge coupling unification in the exceptional supersymmetric standard model (E 6 SSM) can be achieved for any phenomenologically reasonable value of α 3 (M Z ) consistent with the experimentally measured central value.
INTRODUCTION
The incorporation of weak and strong gauge interactions within Grand Unified Theories (GUTs) based on simple gauge groups such as SU (5) , SO(10) or E 6 requires the unification of gauge couplings at some high energy scale M X . On the other hand gauge coupling unification makes also possible partial unification of gauge interactions with gravity in the framework of superstring theories. At high energies the E 6 symmetry in the superstring inspired models can be broken to rank-5 subgroup SU (3) C × SU (2) W × U (1) Y ×U (1) ′ where U (1) ′ = U (1) χ cos θ +U (1) ψ sin θ . Two anomaly-free U (1) ψ and U (1) χ symmetries are defined by: E 6 → SO(10) ×U (1) ψ , SO(10) → SU (5) ×U (1) [2] . Recently the particle spectrum within the constrained version of the E 6 SSM was studied [5] - [7] .
Since right-handed neutrinos have zero charges in the considered model they are expected to gain Majorana masses at some intermediate scale. The heavy Majorana neutrinos may decay into final states with lepton number L = ±1, creating a lepton asymmetry in the early Universe. Due to the presence of exotic particles the substantial values of the CP asymmetries in the E 6 SSM can be induced even for a relatively small mass of the lightest right-handed neutrino (M 1 ∼ 10 6 GeV) so that the successful thermal leptogenesis may be achieved without encountering gravitino problem [8] .
The superpotential in E 6 inspired models involves a lot of new Yukawa couplings that induce non-diagonal flavour transitions. To avoid a flavour changing neutral current (FCNC) problem an approximate Z H 2 symmetry is postulated in the E 6 SSM. Under this symmetry all superfields except H d ≡ H 13 , H u ≡ H 23 and S ≡ S 3 are odd. The Z H 2 symmetry reduces the structure of the Yukawa interactions to:
where α, β = 1, 2 and i = 1, 2, 3 . Here we assume that all right-handed neutrinos are heavy. 
At high energies the two-loop renormalisation group (RG) flow of gauge couplings in the E 6 SSM can be parametrised as The two-loop contributions to the beta functions of gauge couplings in the E 6 SSM were calculated in [9] .
Using the approximate solution of the RG equations (RGEs) in Eq. (2) one can find the value of α 3 (M Z ) for which exact gauge coupling unification can be achieved:
where the effective threshold scaleM S can be expressed in terms of the MSSM one M S : Because the unification of gauge couplings is determined by only one effective threshold scaleM S one can simplify the analysis assuming that T 1 = T 2 = T 3 =M S . In our numerical study we parametrise theM S in terms of two scales. One of these scales is associated with the SUSY breaking scale M S while another one is set by the masses of Z ′ and exotic fermions and bosons which we assume to be degenerate around M Z ′ for simplicity. Thus we use the SM beta functions to describe the running of α i (t) between M Z and M S , then we apply the two-loop RGEs of the MSSM to compute the flow of α i (t) from M S to M Z ′ and the two-loop RGEs of the E 6 SSM to calculate the evolution of α i (t) between M Z ′ and M X which is equal to 3.5 · 10 16 GeV in the case of the E 6 SSM. Since M S ≃ µ/6 we choose M S ≃ 250 GeV. We also fix M Z ′ = 1.5 TeV.
The results of our numerical studies of gauge coupling unification are summarised in Fig. 1 . where the RG flow of gauge couplings in the E 6 SSM and MSSM are shown. Due to the presence of exotic matter the E 6 SSM gauge couplings are considerably larger at high energies than in the MSSM. Dotted lines in Fig. 1 represent the changes of the evolution of α i (t) induced by the variations of α 3 (M Z ) within 1 σ around its average value. In the E 6 SSM the two-loop effects lead to the mild growth of α 3 (t) as renormalisation scale increases. As a consequence at high energies the uncertainty in α 3 (t) caused by the variations of α 3 (M Z ) is much bigger in the E 6 SSM than in the MSSM. The relatively large uncertainty in α 3 (M X ) allows one to achieve exact unification of α i (t) even within 1 σ deviation of α 3 (M Z ) from its average value.
It is worth noticing here that two-loop corrections to α i (t) are large in the E 6 SSM and could spoil the gauge coupling unification. Nevertheless the value of α 3 (M Z ) that results in the exact gauge coupling unification in the E 6 SSM is quite close to the experimentally measured central value. Without the inclusion of threshold effects Eq. (3) gives α 3 (M Z ) ≃ 0.121 which is very close to the one-loop prediction for α 3 (M Z ) = 0.118. The small difference between one-loop and two-loop predictions for α 3 (M Z ) is caused by the remarkable cancellation of different two-loop corrections in Eq. (4) .
As in the MSSM the inclusion of threshold effects lowers the prediction for the value of the strong gauge coupling at the EW scale. From Eq. (5) it is obvious the effective threshold scale in the E 6 SSM is set by µ ′ . The term µ ′ L ′ L ′ in the superpotential is not involved in the process of EW symmetry breaking and is not suppressed by the E 6 symmetry. Therefore, although the effective threshold scaleM S may be considerably less than µ ′ , the corresponding mass parameter can be always chosen so thatM S lies in a few hundred GeV range that allows to get the exact unification of gauge couplings for any value of α 3 (M Z ) which is in agreement with current data.
